Background: Despite effective prevention and early detection screening methods, colorectal cancer is the second leading cause of cancer death in the United States. Colorectal cancer screening community-based interventions are rare, and the literature lacks information about communitybased intervention processes. Using participatory research methods, the High Plains Research Network developed a community-based awareness and educational intervention to increase colorectal cancer screening rates in rural northeastern Colorado. This study describes the program components and implementation and explores whether the target population was exposed to the intervention, the reach of the individual intervention components, and the effect on screening intentions.
Background
Despite effective prevention and early detection screening methods, colorectal cancer (CRC) is the 2nd leading cause of cancer death in the United States [1] . Unlike many other screening tools, such as mammography that detects existing cancer, CRC screening methods can prevent cancer from developing through the removal of pre-cancerous polyps. When CRC is found early and treated, the 5-year relative survival rate is 90 percent. However, less than 40% of colorectal cancers are found early due to the underutilization of CRC screening [2] . In 2005, only 47% of adults age 50 and older in the U.S. reported having either a fecal occult blood test within the past year, sigmoidoscopy within the past five years, or a colonoscopy within the past 10 years, as recommended in the United States by the Centers for Disease Control and Prevention (CDC) and the American Cancer Society [3] . An estimated 153,760 people in the U.S. were expected to be diagnosed with CRC in 2007, costing over $8 billion in treatment [4, 5] . Of the 52,180 people who were expected to die from CRC in 2007 in the U.S., half may have been prevented if all people age 50 and older were screened regularly [1] .
This study took place in rural and frontier counties which are part of the High Plains Research Network (HPRN) in eastern Colorado. In 2006, 30% of adults in the state of Colorado age 50 and older had an FOBT within the past 2 years, and 58% report ever having a proctoscopy, colonoscopy, or sigmoidoscopy [6] . In rural and frontier eastern Colorado, a recent survey by the authors of age-eligible residents reported similar use of FOBT (32%), but only 51% had ever had flexible sigmoidoscopy or colonoscopy testing. Almost a quarter (23%) of the rural sample had never had any type of CRC screening [7] . Colorectal cancer screening remains an underutilized method of cancer prevention and early detection, and rural areas may be susceptible to even lower screening rates.
Compared to other cancers such as breast and cervical, community-based interventions targeting CRC screening are rare [8] . The Center for Disease Control and Prevention's (CDC) community preventive guidelines include no evidence-based recommendations for effective community interventions to improve CRC screening [9] . In an attempt to fill this gap, the HPRN formed a group of local residents from eastern Colorado to develop a communitybased CRC awareness and educational campaign uniquely tailored to a rural population with the goal of increasing colorectal cancer screening rates in residents age 50 and older in northeast Colorado. This paper describes the intervention implementation, reach of the materials, and the effect exposure to the intervention had on screening intentions in the rural target population. The study was conducted in the first 3 communities to receive the intervention and was funded by the CDC.
The Study Region: High Plains Research Network
The HPRN is a practice-based research network that covers the 16 counties of eastern Colorado. Of these counties, 10 are designated "frontier" (or less than 6 people per square mile), and the remaining 6 are "rural". The entire HPRN consists of 55 primary care practices, 16 hospitals, approximately 150 providers, and the communities that reside in this region. The 3 communities involved with this particular evaluation included 2 smaller communities (populations provided below), each with 1 primary care practice each. The third town is the largest community in the area and is home to 6 practices, including private solo practices and a hospital-based clinic. Ranching and farming are dominant sources of income and permeate the culture of this region. Residents living in the 3 counties included in this evaluation are older than the state as a whole, with a median age of 39 versus 34 for the state and a percent of the population age 65 and older of 16% versus 10% [10] .
The Intervention: Testing to Prevent Colon Cancer in Rural Colorado
The HPRN launched a community-based, multi-component colon cancer prevention intervention in the spring of 2006. "Testing to Prevent Colon Cancer in Rural Colorado" aims to increase CRC screening behaviors, knowledge, and attitudes in rural northeastern Colorado. The intervention consisted of an awareness and educational campaign that encouraged local residents to talk to their providers about colon cancer testing options, targeting residents age 50 and older.
Community-based participatory research (CBPR) methods were used to develop, implement, and test the intervention messages and materials. While the definition of community may vary by project, CBPR research involves a collaborative partnership with a group to increase the relevance of the research to the community. The HPRN uses CBPR approach regularly, having formed a Community Advisory Council (C.A.C.) in 2003 to help to guide the research it conducts. The C.A.C. consists of 9 residents of rural northeast Colorado, including farmers, teachers, ranchers, a home health visitor, and a retired administrator. Specifically for this intervention, the C.A.C. was expanded to include 2 local physicians, 2 public health workers, and a hospital administrator from northeast Colorado. The resulting group, named the Joint Planning Committee (JPC), designed the intervention's main messages, materials, and implementation strategies.
The JPC developed a 4-point message to address key catalysts of behavior change, including relevance, education, facilitation/encouragement, and action. The main messages are below. 4. Talk to your doctor today.
Implementation Evaluation
The program's 4 main messages were incorporated into the intervention's materials, a set of 8 mostly bilingual components. Table 1 provides a description of each component and implementation. The JPC selected program components that could be implemented in each intervention community and that linked community members back to their local primary care providers. Methods were selected that tapped into the communication culture of rural communities, including the use of local community members in program components, local newspapers and adaptations of familiar small print materials (communication methods engrained into every day life in rural towns), and local organizations that are very common and valued in rural communities. The JPC helped identify local residents to have their photos taken for the palm card series and series of ads in the local newspapers, to share their personal stories in local newspapers, and to copresent community talks with a local health care provider. All local newspapers agreed to run the 3 newspaper components of the intervention. Local residents and clinic staff were also recruited to distribute the small print materials, such as the palm cards and farm auction flyers, and recorded the number of copies left at each location. All primary care practices in the intervention communities agreed to distribute the "got polyps?" travel mugs to resi- 
Methods
This study was conducted in the first 3 communities to receive the intervention and the farmland counties in which they reside: Julesburg (population estimates: zip code = 1818; age ≥ 50 = 721); Haxtun (population estimates: zip code = 1608; age ≥ 50 = 622), and Sterling (population estimates: zip code = 16,486; age ≥ 50 = 4,695) [10] .
Survey Design
A random digit dial (RDD) telephone survey was conducted to estimate exposure to the community-based CRC prevention intervention in the target population and to determine if exposure increased intentions to talk to a doctor about CRC screening and to get tested.
The survey was conducted with a stratified random sample of residents living in the first 3 communities and surrounding areas to receive the intervention 3 months after the intervention had been implemented. Participants were sampled by age group (40 -49 years of age and ≥ 50 years of age) and stratified by intervention community using zip codes. Two towns are substantially smaller than the third. The smaller towns' populations were over-sampled to produce more reliable estimates.
A Colorado market research firm conducted interviews for 1 week in July 2006 using 3 sample lists from Survey Sampling International: 1) household phone numbers from 3 communities having at least 1 adult age 50 or older, 2) household phone numbers from 3 communities having at least 1 adult age 40-49, and 3) household phone numbers for respondents living in surrounding areas within each county with at least 1 adult age 40 or older. Respondents aged 40-49 were included in this study since they are approaching the screening-eligible age of 50 or could be eligible for screening based on family history. A small sample from the surrounding areas was included to provide preliminary estimates of the reach of the intervention outside of the 3 primary communities. Age-eligible respondents with the most recent birthday were selected within each household.
Information about exposure to the intervention during the previous 3 months was collected. Exposure questions included both recall and recognition. Respondents were first asked to freely recall sources of colon cancer prevention information that they had seen, heard, or read in the past 3 months (recall). Respondents were then read a description of each intervention component not freely recalled and asked if they had seen, heard, or read the component (recognition). To estimate the depth of exposure to individual components, the number of exposures to each component was also recorded.
Respondents reporting exposure to any type of colon cancer prevention information were asked questions about intended behavior change as a result of this information. A 5-point Likert scale assessed how likely respondents were to talk to their doctors about CRC screening and how likely they were to get screened. Demographic questions included age, gender, ethnicity, and race and if they had been tested for colon cancer in the past 5 years. This question did not specify type of screening procedure. A copy of the survey is available at: http://fammed.uchsc.edu/high plains.
Statistical Analysis
Descriptive analyses were performed for the demographic variables age, gender, race and ethnicity, geographic location, and having been tested for colon cancer in the past 5 years. Chi-squared tests were performed to determine general associations between the demographic variables and exposure ("exposed" and "not exposed"). Respondents recalling or recognizing at least one of the 8 intervention components were considered exposed. Respondents who did not report any sources of colon cancer information or who exclusively reported CRC screening materials other than our 8 intervention components were considered "not exposed". Frequencies were run on the number of personal stories, newspaper ads, and medical articles read. Total and individual intervention component exposure rates were calculated.
A general linear model was performed to determine multivariate associations between exposure to the intervention and intended CRC screening behaviors. CRC screening behaviors included the likelihood to talk with a doctor about being tested and the likelihood to get tested for colon cancer. CRC screening behaviors were run as a continuous outcome variable, ranging from 1 = "strongly disagree" to 5 = "strongly agree". Exposure was defined by an ordinal aggregate variable ranging from 0 (exclusively reported CRC screening materials other than the intervention components) to 6 (reported at least 6 intervention components) and is referred to as "dose". Since the components were designed to be implemented as a whole intervention, this analysis measured the effectiveness of the intervention collectively. Models adjusted for age, gender, past 5-year testing status, race and ethnicity, and intervention dose. To adjust for over-sampling, responses were weighted by the inverse of the sampling fraction of each town. Weighted estimates are reported. Interaction between intervention dose and past 5-year testing status was also adjusted in each model. Prior to the final analy-sis, the ordinal exposure variable was tested for linear, quadratic, and cubic trends for each outcome. A p-value of < .05 was considered statistically significant.
All analyses were performed using SAS version 9.1. The survey instrument and methodology was approved by the Combined Institutional Review Board at the University of Colorado Denver and Health Sciences Center.
Results
A total of 460 residents from the first three intervention communities (n = 400) and their surrounding areas in each county (n = 60) completed the survey. The response rate for households in which an eligible respondent was identified and contacted (n = 1032) was 45%, comparable to the response rate of the 2005 Behavioral Risk Factor Surveillance Survey [11] . Table 2 summarizes the demographic characteristics of the survey sample. Of the 460 respondents, 47% were female; 55% were age 50 or older; 88% were White, non-Hispanic; and 54% reported having had no CRC screening in the past 5 years.
Exposure to Intervention
Of the 460 respondents, 68% reported exposure to at least one intervention component. Females were more likely to report exposure to the intervention materials than were males (74% vs. 63%, p = .02). Respondents who reported having been tested in the past 5 years were more likely than those not reporting testing in the past 5 years to have been exposed to the materials (78% vs. 58%, p < .001).
The percent of the total respondents reporting exposure to each intervention component is displayed in Figure 1 . The 3 newspaper components exhibited the most reach.
Based on these results, additional analysis was conducted to determine how many respondents saw only the newspaper component(s), a combination of components, or only non-newspaper components (Table 3) . Of the total sample, 30% read at least one newspaper component only, 30% saw some combination of newspaper and other intervention components, and 8% saw other intervention components only. Overall, 60% of the sample was exposed to at least one of the newspaper components, and 38% saw at least one of the small-scale print materials or community talk.
Among respondents exposed to the intervention, the average number of unique components recalled or recognized was 2.8. Of the total sample, only 32% reported no exposures. Comparable proportions of respondents were exposed to 1, 2, 3, and 4 components (17%, 16%, 13%, and 12% respectively). Approximately 8% of the respondents reported exposure to 5-8 intervention components.
Intentions for CRC Screening
Multivariate analyses determined an increasing linear trend between the number of intervention items seen and the intent to "talk to a doctor about colon cancer testing" and to "get tested". Figures 2 and 3 display the adjusted rate of increase for each outcome by intervention dose. Results for intentions did not differ by age, gender, or race, including those respondents age 40-49. Respondents who had not been tested in the past 5 years reported lower intentions to talk to a doctor about colon cancer and to get tested for colon cancer than their tested counterparts at low intervention doses. However, as intervention dose increased, intention to talk to a doctor about colon cancer increased at a significantly faster rate in respondents who had not been tested than in those who had been tested in the past 5 years (p = .025; Figure 2 ). As shown in Figure 3 , respondents who had not been tested in the past 5 years reported overall lower intentions to get tested compared with those who had been tested (p < .001). However, intentions to get tested increased at a significantly similar rate for both groups (p < .001).
Discussion
Using a community-based participatory research method, the "Testing to Prevent Colon Cancer in Rural Colorado" intervention was extremely successful at reaching its target population in the studied region, with 68% of the study sample reporting exposure to one or more of the intervention components. Other population-based health interventions report exposure levels range from 14% to 71% [12] [13] [14] [15] [16] . Two large-scale commercial CRC campaigns also report reaching high percents of their target populations. A 1-year television advertising strategy co-sponsored by the American Cancer Society used donated broadcast time valued at $21.3 million and reported reaching 40% of target households [17] . Utah Cancer Action Network's statewide campaign used donated television, radio, and print airtime and inserts along with grassroots efforts and reached 79% of survey respondents [18] . "Testing to Prevent Colon Cancer in Rural Colorado" reached a comparable level of its target population using fewer forms of mass communication strategies and spending approximately $26, 000 on consultation and component production for the first 3 towns. From another perspective, our 
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Recognized Total target population was as aware of this CRC intervention as typical American adults are aware of the popular culture phenomenon Harry Potter (69%) [19] .
A second key finding is the positive effect of the intervention on respondents' intentions to talk to a doctor about CRC screening and to get tested. This is an important finding as intention to undertake a behavior has been shown to be a strong predictor of actual behavior [20, 21] . This program effectively drove home its action message "talk to your doctor today", strongly influencing respondents who had not been tested in the past 5 years by increasing their intent to talk to a doctor about CRC screening. This is important because a frequently reported barrier to screening is a lack of both information about the tests and physician recommendation for a test, while a strong predictor of screening is the patient asking for a test [7, [22] [23] [24] . Additionally, this campaign significantly increased intentions to get tested at the same rate in both "tested" and "not tested" groups. Increases in both measures of intentions did not differ by age. Since this study included residents age 40-49, the intervention demonstrated a positive influence on respondents who are less likely to have been previously tested and who are at important pre-contemplative age. These results are encouraging for attempts to attain or maintain patients' status of being up-to-date on CRC screening.
This study illustrates the advantages of using multiple components in a rural setting to maximize both reach and behavioral intentions. None of the individual components resulted in the same level of exposure as the overall intervention. The small-scale print materials and community talks increased the reach of this intervention by nearly 10%. Of the 60% of respondents reporting exposure to at least one newspaper component, half of them increased their intervention dose by at least 1 as a result of additional exposures to non-newspaper components. The significant positive effect of intervention dose on intentions emphasizes this point.
Partnering with local community members was vital to development and implementation this intervention, which in turn effects reach and effectiveness. Having community members craft the messages and methods, take control of disseminating small print materials, and 
Limitations
Limitations of this study include the use of self-reported data. Although the standard method for this type of community-based survey, some error in product recall or recognition may have occurred. We cannot assess exposure in people who do not have access to a phone or who use cell phones as their household phone. However, we estimate that more than 90% of the target population in this region has a landline telephone. Due to the nature of random digit dial telephone surveys, we do not have information about non-responders and are unable to determine how results may be biased as a result. This intervention was designed to be administered as a whole unit, with pieces complimenting each other or reaching certain groups. Thus, we did not analyze the effect of individual components on CRC screening intentions. Finally, while the intervention materials were largely bilingual, this phone survey was conducted with English-speakers only. However, the proportion of Spanish-speaking only community members in our targeted age range is small. The vast majority of Spanish-speaking only people in this region are under age 40.
Conclusion
The use of participatory research methods resulted in a culturally relevant community-based CRC intervention that can be successfully implemented in rural communities. The multi-component intervention effectively reached and positively changed CRC screening intentions in its target population.
